The last five years have seen tremendous advances in solving the structure of intermediates that occur during an enzymatic reaction [1] . For many of these structures, synchrotron radiation has been the crucial ingredient in making the experiments work. Most of the intermediates trapped using these techniques have been relatively longlived, however, with decay times of hundreds of milliseconds or longer. Two recent papers break new ground by using the Laue method to observe intermediates with very short life spans [2, 3] . In both cases, light was used to trigger a reaction in a protein crystal, and X-ray data were collected at a fixed time point(s) after the laser pulse. Structures of intermediates in the millisecond [2] and nanosecond [3] time range were determined successfully.
The intermediate with a millisecond lifetime occurs during the photocycle of the photoactive yellow protein (PYP) from Ectothiorhodospira halophila. PYP acts as the receptor for the phototactic response in this halophilic bacteria. Unlike the better studied light receptors rhodopsin and bacteriorhodopsin, PYP is not an integral membrane protein: it is a small soluble protein which occurs in the cytoplasm. Crystals of PYP diffract to very high resolution [4] , and are quite robust to repeated bleaching cycles during data collection [2] . The photocycle for this protein is shown in Figure 1a .
The I2 intermediate was trapped by collecting data with a 2 millisecond delay between the laser pulse and the opening of the shutter. The X-ray pulse was only 10 milliseconds long, so the electron density in this experiment represents an average of the protein structure between 2 and 12 milliseconds after the laser pulse. The electron density was interpreted as a mixture of half P and half I2. (a) The photocycle of the PYP protein [5] . P is the ground state protein (also called the 'dark' state). P * is formed from P by absorbing a photon ( max = 446 nm). This electronically excited state converts to the first intermediate (I1) very rapidly (less than 10 nsec). The first intermediate is red-shifted relative to P ( max = 460-465 nm). It has been suggested that the difference between the I1 intermediate and P is that the cofactor -a p-hydroxycinnamyl chromophore (red), covalently bound via Cys69 -has isomerized from trans to cis, but that the rest of the protein is unchanged because of the very rapid creation of this intermediate. I1 interconverts to I2 on a millisecond time scale; during this interconversion, a proton is picked up from the solvent. Once again, there is a significant change in the absorbance maximum of I2 ( max = 340-355 nm). I2 is the 'stable' intermediate in which the protein has adjusted to the isomerization of the cofactor. The return of I2 to P is rather slow (on a time scale of seconds). During the return to the ground state, a proton is returned to the solvent. After the laser pulse, the chromophore isomerizes from a trans to a cis configuration, causing a steric clash between the phenolic oxygen of the chromophore and the sidechain of Arg52. After isomerization, this oxygen is on the surface of the protein, where it can pick up a proton from the solvent. The steric clash results in Arg52 shifting position and breaking its hydrogen bonds to the backbone carbonyls of Tyr98 and Thr50. A total of three hydrogen bonds are lost in the transition from P to I2 -this loss presumably provides the driving force for the return to the dark state. Mutagenesis experiments on Arg52 and Glu46 confirm their importance in the kinetics of the photocycle [5] .
This experiment from the Getzoff group [2] clearly shows the conformational change in a protein that causes a phototactic response in a bacterium. It is not clear how the receptor makes use of this information, but at least we now know how big the conformational change really is. The mutagenesis studies [5] also suggest that the bacterium can control the wavelength sensitivity of the chromophore fairly easily by simply changing the strength of the hydrogen-bonding interactions near the chromophore. These results may be easily transferable to other light receptors, such as rhodopsin, which have been very difficult to study structurally.
The other recent paper, from the Moffat group [3] , shows that it is possible to monitor changes in protein conformation on a much faster time scale. In the PYP reaction, the conversion from P* to I1 occurs in less than 10 nanoseconds. The Moffat paper shows that it is possible to monitor changes on such a time scale. The experimental system that was used is the well-studied photolysis of carbon monoxide from myoglobin [6] . In order to observe intermediates that occur only nanoseconds after the triggering laser pulse, the time structure of the synchrotron beam was used.
Synchrotron radiation is emitted by electrons moving at relativistic velocities along a curved trajectory. Typically, a synchrotron source has 'bunches' of electrons which cause X-rays to appear in pulses rather than continuously. The spacing between pulses is a characteristic of each synchrotron, and typically is a fraction of a nanosecond. For most experiments, this pulse structure of the X-ray beam can be ignored because data collection takes much longer than a fraction of a nanosecond. However, the Moffat group has devised an elegant experimental protocol to collect data from only one pulse. At the European Synchrotron Radiation Facility, where the Moffat group conducted the experiment, the X-ray pulse is 0.15 nanoseconds long.
A schematic of the Moffat experiment is shown in Figure  2 . A 7.5 nanosecond laser pulse was used to photodissociate carbon monoxide from the iron in the heme ring. In solution, most of these carbon monoxide molecules would have simply been lost to the solvent. In the crystal, however, a significant fraction of the photodissociated carbon monoxide remains near the heme and ultimately rebinds. A potential docking site for the photodissociated carbon monoxide was located in the 4 nanosecond map, but the electron density in the peak is not high enough to account for all of photodissociated molecules. No other docking sites on alternate exit pathways were observed.
In addition to locating a potential exit pathway, the set of structures shows two different classes of protein motions. A number of protein sidechain motions are already obvious in the 4 nanosecond difference map. These include the movement of the iron toward the proximal histidine, and the movement of the distal histidine toward the site previously occupied by the carbon monoxide ligand. There are also some features in the map which might be due to doming and a slight rotation of the heme.
Another class of protein motions, including structural rearrangements of residues in the E and F helices, is more prominent at longer times. A few of these features are already present in the 4 nanosecond structure, but the rest Dispatch R353 Figure 2 A schematic of the myoglobin photodissociation experiments. A crystal of carboxymyoglobin was hit with a 7.5 nsec laser pulse, and the carbon monoxide-iron bond was broken. After a variable delay, X-ray data collection began. The X-ray data collection pulse for the 4 nsec time point was only 0.15 nsec wide; at longer time points, a 940 nsec pulse width was used. In both cases, the X-ray pulse is much shorter than the lifetime of the structure which is being observed. At both 4 nsec and 1 msec after the laser pulse, the carbon monoxide appears to be completely dissociated. By 7.5 sec, some rebinding has occurred. At 50.5 sec, much of the carbon monoxide is bound to the heme and by 1.9 msec, the structure has essentially returned to its initial state. Although only one carbon monoxide is shown at each time point, it is clear that in structures before 50.5 sec there are many different low occupancy positions for the carbon monoxide. At least for light-triggered reactions, it is now possible to observe protein motions from the nanosecond to the millisecond (or longer) time regime. These new experiments should answer a number of questions concerning how proteins move as they function. An additional immediate application will be to provide direct experimental data for molecular dynamics simulations, which can now be run out to a nanosecond time regime. These experimental advances are likely to cause a new wave of protein movies which will complement the existing movies of enzymes in action. In the field of protein dynamics, the show has just begun.
